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We present high transverse momentum, py, pion (tt), proton (p), kaon (K), and rho (p) spectra measured with 
the STAR experiment from p+p and Au+Au colHsions with ^ysffN = 200 GeV. We find the K/tt ratio to 
be enhanced in Au+Au y'ljvjv = 200 GeV collisions relative to p+p -^sjvjv = 200 GeV coUisions at pT > 5 
GeV/c. The enhancement persists until pT ~ f2 GeV/c for central Au+Au 200 GeV collisions. We also show 
the nuclear modification factor, -RaAi measured at the same center of mass energy, and find /J^aC^) and 
Raa{p) to be higher than /JaaC"") '^^ PT > 5 GeV/c. Implications for medium induced modifications of jet 
chemistry is discussed. 



1. Introduction 

Collisions of relativistic heavy-ions aim to create a 
unique state of matter, where quarks and gluons can 
move over large volumes in comparison to the typ- 
ical size of a hadron. This state is known as the 
Quark Gluon Plasma, QGP Measurements of jet 
quenching have provided strong evidence such a state 
is created in heavy-ion collisions at the Relativistic 
Heavy Ion Collider, RHIC 0. These measurements 
show a suppression of hadron production at high-pT 
relative to p+p collisions, scaled by the number bi- 
nary collisions, and the disappearance of correlated 
back to back hadron pairs in certain kinematic re- 
gions. How the chemistry within the jet is altered 
in heavy-ion collisions may provide further informa- 
tion on the nature of jet quenching. In particular, 
there are two studies which predict jet chemistry will 
be significantly altered in the presence of a medium. 
The first, by Sapeta and Wiedemann shows by in- 
creasing the in-medium parton splitting probabilities 
in the MLLA scheme, the K/tt and p/n ratios may 
increase by a factor of 2 for in-medium jets. The in- 
crease in parton splitting probabilities simultaneously 
leads to a suppression of hadron production in the 
high z (pT(hadron)/pT(je.t)) region of the fragmen- 
tation function relative to vacuum jets. The second 
study, by Liu and Fries [^], shows that flavor conver- 
sions may alter the final state jet hadro-chemistry sig- 
nificantly. In this scheme, hard scattered partons can 
exchange fiavor while traversing the medium resulting 
in K production being less suppressed at high-py rel- 
ative to TT production, while p production is similarly 
suppressed at high-p^ relative to tt production. The 
suppression is characterized by the nuclear modifica- 
tion factor, Raa which is defined as: 



^aa(pt) 



d^NAA/dydpT/jN^i^ 
d'^app/dydpT/cr'pp^ 



(1) 



quenching occurs in heavy-ion collisions, Raa < 1 for 
the applicable pr region. 

In these proceedings, we report precision measure- 
ments of inclusive hadron production at high-p^ for 
a variety of particle species in p+p and Au+Au 
^/SNN — 200 GeV collisions. These measurements ex- 
tend previously published spectra [1,0] beyond ~ 6 
GeV/c. We first show the extended p-l-p spectra and 
compare our measurements to various Next to Lead- 
ing Order calculations (NLO), in search of a suitable 
theoretical baseline to describe hadron production in 
p+p collisions. We then show the K/tt ratios in cen- 
tral heavy-ion collisions with a comparison to p+p, 
and present Raa for various particle species for cen- 
tral collisions. Finally, we show Raa as a function of 
system size for the tt and Kg particles. 



2. Analysis 



where {Nbin) is the mean number of binary collisions 
occurring in heavy-ion collisions. In the absence of jet 
quenching, one naively expects Raa ^ 1, while if jet 



The data presented from p+p ^/snn = 200 GeV 
collisions were collected in 2005. In order to maxi- 
mize the reach of the p-l-p spectra, the data are from 
calorimeter triggered events which select events with 
high pt particles. Two trigger setups were used: jet- 
patch, which triggers on events where a large amount 
of neutral energy is deposited over many calorime- 
ter towers, and high-tower, which triggers on events 
where a large amount of neutral energy is deposited 
in a single tower. Since the triggers only select a 
subset of events, trigger efficiency corrections are ap- 
plied to present an unbiased invariant spectra. The 
STAR Time Projection Chamber, TPC, is used to de- 
tect charged particles. The K^, tt^, and p^ particles 
are identified via energy loss, dE/dx, measurements 
in the TPC, while the K^ particles are identified via 
their weak decay products {K^ 7r+ + tt~). The 
p particles, like the Kg particles, are also obtained 
via reconstruction of the respective decay products 
in the TPC. The charged and p particles were ob- 
tained from jet patch trigger events, while the Kg 
particles were obtained from high tower events. All 
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Figure 1: Left Panel. Various mid-rapidity K spectra from p+p ^/snn = 200 GeV collisions. The open black symbols 
show previously published results The theory curves are described in the text. Right Panel. Mid-rapidity K/ir ratio 
as a function of pt in p-|-p ^snn = 200 GeV. collisions. The lines show statistical uncertainties, while the boxes show 
systematic uncertainties. The solid black symbols are previously published results [^. EMC refers to the Electromagnetic 
Calorimeter. 



spectra are corrected for tracking inefficiencies and 
acceptance. The corrections are determined by em- 
bedding Monte Carlo particles into real events, then 
counting the number which are reconstructed under 
various cuts which are placed on the real data. Sys- 
tematic uncertainties on the measurements are due to 
uncertainties in the trigger efficiency corrections, un- 
certainties in the TPC tracking efhciency/acceptance 
corrections, uncertainties in the raw yield extraction, 
and uncertainties due to the effects of finite momen- 
tum resolution. The Au-|-Au ^/sWn = 200 GeV data 
were collected in 2004. Two trigger setups were used; 
an online central trigger which obtained ~ 20 mil- 
lion 0-12% central events, and a minbias trigger which 
obtained ~ 20 million Au-|-Au events independent of 
centrality. The techniques for extracting the various 
spectra are the same as for the p+p data. Uncer- 
tainties from the trigger efhciency corrections do not 
apply to the data from Au+Au collisions, since no 
trigger efficiency corrections are applied. 

3. Results 

The left panel in figure [T] shows the extended mid- 
rapidity K spectra in p-l-p ^/sWn = 200 GeV col- 
lisions. The open black symbols show previously 
published results [1], and it is clear the new spec- 
tra are consistent within the overlapping pT range. 
We also show two NLO calculations; one from the 
Albino-Kniehl-Kramer (AKK) Q, the other from 
the DeFlorian-Sassot-Stratmann (DSS) [1]. Although 
both sets of calculations appear to reproduce the 
shape of the various K spectra, there are deviations 
at Pt > Q GeV/c. Since both calculations use fits 
from measured K fragmentation functions in e+ + 



collisions, these deviations maybe due to poor con- 
straints on those fits from the data. The data in figure 
[1] in conjunction with independent measurements of 
K fragmentation functions (at RHIC) should provide 
better constraints on models in the future. The right 
panel shows the mid-rapidity K/ir ratio as a function 
of Pt in p+p ^/snn — 200 GeV collisions. Th£ solid 
black points show previously published data (5|] and 
again we observe a consistency with the new data. 
We also observe both AKK and DSS again fail to 
describe the data at high-py. Clearly, an improved 
theoretically baseline is needed. 

The left panel in figure [H shows the mid-rapidity 
K/tt ratio as a function of pT in Au+Au — 12% 
y/SNN = 200 GeV collisions. The p+p data are also 
shown for comparison. It is clear for pT > 2 GeV/c, 
the K/-K ratio is enhanced in heavy- ion collisions rel- 
ative to p+p. In particular, the enhancement occurs 
at > 5 GeV/c and persists until pt ^ 12 GeV/c 
which is a clear sign jet-chemistry is indeed altered in 
heavy-ion collisions. This is qualitatively consistent 
with expectations from the Sapeta and Wiedemann 
model [3], where the K/ir ratio is roughly a factor 
of 2 higher in medium jets over all hadron pT- It 
must be stated however the authors have yet to make 
specific predictions for RHIC inclusive spectrum mea- 
surements. Their current predictions are for LHC jets 
with energies above 50 GeV. 

The right panel in figure [2] shows Raa for vari- 
ous particles species. The Au+Au centrality is again 
0-12% for ./sWn = 200 GeV colhsions. There are 
a number of things to note. Firstly, both Raa{K) 
and Raa{p) sit significantly above Raa{j^) aX pt > ^ 
GeV/c. We speculate the underlying physics behind 
this does not relate to the higher mass of the K or p 
particles since we observe Raa{p) ^ Raa{t^)- It has 
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Figure 2: Left Panel. The mid-rapidity K/n ratio as a function of pr in p+p and central Au+Au 0-12% ^ysNN = 200 
GeV collisions. The acronyms jp (jet-patch) and ht (high-tower) refer to the type of calorimeter trigger used in p-l-p 
collisions and are further described in the text. The lines show statistical uncertainties, while the boxes show systematic 
uncertainties. Right Panel. Mid-rapidity nuclear modification factor, Raa, for various particle species in Au-|-Au 0- 
12% y^ijvjv = 200 GeV collisions. Again, the lines show statistical uncertainties, while the boxes show systematic 
uncertainties. 



also been shown that Raa{v) ~ Raa{t^'^) in the same 
PT region We also show predictions for the Kg 
particles with and without the previously mentioned 
jet flavor conversions The K data are quantita- 
tively consistent with the conversion scenario. How- 
ever, the same scheme predicts Raa{p) ~ RAAi^^) 
which is quantitatively inconsistent with our data. Fi- 
nally, it is trivial to show Raa{p) > RAAi^r) results 
from a higher p/ir in heavy- ion collisions relative to 
p-|-p. Again, this is qualitatively consistent with ex- 
pectations in the Sapeta and Wiedemann model Q. 



In figurelH we show the centrality dependance of in- 
tegrated Raa{Ks) ^^'^ RAAi^^) in Au-I-Au y'sjvw = 
200 GeV collisions where (px) ^ 6.2 GeV/c. As ex- 
pected, we observe Raa{Ks) > -RaaCtt) for central 
Au-f Au collisions, however we also note this differ- 
ence persists in peripheral collisions. The K/tt ra- 
tio is therefore higher in peripheral collisions relative 
to p-t-p at high-pT- This raises the question whether 
jet chemistry is also altered in the smaller systems, 
or whether there is some other soft A-l-A produc- 
tion mechanism contributing in this pt range for all 
centralities. Measurements at higher px from future 
higher statistics RHIC A-l-A runs may help in address- 
ing these questions. 



4. Summary 

In summary, we have shown extended high-p^ spec- 
tra for various particle species in p-l-p and Au-|-Au 
y/SNN — 200 GeV collisions. We have found that the 
K spectra are poorly described by current Next to 
Leading Order calculations for pt > 5 GeV/c. We 
also present experimental evidence for modification of 
jet chemistry in heavy-ion collisions relative to p+p. 
This is characterized by a higher K/t: ratio for in- 
clusive spectrum measurements at pT > 5 GeV/c in 
central Au+Au collisions, which persists until px ~ 12 
GeV/c. The nuclear modification factor also displays 
a species dependance for central Au+Au collisions 
with Raa{p) and Raa{K) being higher than Raa{'!^) 
at Pt > 5 GeV/c. We observe the integrated Raa{K) 
[pt > 5.5 GeV/c) is higher than Raa{t^) for periph- 
eral collisions. Two models which predict changes in 
heavy-ion jet chemistry describe various aspects our 
data, however a complete quantitative description re- 
mains. 
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Figure 3: Mid-rapidity integrated Raa{K%) and i?AA(7r) 
for pT > 5.5 GeV/c in Au+Au ^fsj^ = 200 GeV colli- 
sions. The uncertainties on the data points are statistical 
and systematic added in quadrature with respect to the 
yields. The left and right grey bands represent the typical 
uncertainties on (Ntin) for peripheral and central Au+Au 
-^/sjvjv ~ 200 GeV collisions respectively. 
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